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&

OTV TECHNOLOGY REQUIREMENTS

©® 7ERO G PROPELLANT TRANSFER
- PROPELLANT PUMP/PRESSURIZATION
- CHILL DOWN & VENT SYSTEM
- PROPELLANT ACQUISITION (TANKER/STORAGE)
- ACORT DUMP/TRANSFER (OTV)
- QUICK CONNIECT/DISCONNECTS
© PROPELLANT MASS GAUGING
- ZERO G MEASUREMENT
- PROPELLANT MASS TRANSFERRED

- PROPELLANT REMAINING DURING BURN

© INSULATION
ML1 ONLY 'OR SPACE BASED OTV

MLIFOAMINERT GAS TOR GROUND BASED OTV

PROPELLANT PUMP/PRESSURIZATION

DEMONSTRATE PROPELLANT TRANSE ER BETWEE N TANKS BY
CRYOGENIC COMPATIBLE PUMPS AND/OR TANK PRESSURIZATION

MEASURE HEAT ADDED TO CRYOGEN BY PUMP

DETERMINE EFFECTS OF ZFRO G ON PUMP OPERATION, BUBBLE FORMATION,
SUCTION LINE FLUID FLOW.ETC

DETERMINE EFFECTS OF ZERO G ON PRESSURANT GAS/FLUID SEPARATION
MEASURE G NECESSARY 10 SFTILE FLUID, FLUID SLOSH IN LOW G, ETC

BUBBLE UP/AUTOGENOUS PRESSURIZATION
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CHILL DOWN & VENT SYSTEM

CHILL DOWN OF A WARM TANK
ULLAGE VENTING AND FILL OF A PARTIALLY FILLED TANK

A THERMODYNAMIC VENT SYSTEM HAS BEEN DESIGNED FOR THE
CENTAUR AND DEMONSTRATED ON THE GROUND

DEMONSTRATE THERMODYNAMIC VENT SYSTEM IN ZERO G

DEVELOP AND DEMONSIRATE A ZERO G HELIUM VENT SYSTEM (7?)

PROPELLANT ACQUISITION/MANAGEMENT
(TANKER/STORAGE FACILITY)

DEMONSTRATE LIQUID ACQUISITION AND VAPOR FREE OUTFLOW
DETERMINE SPACECRAFT DYNAMICS DURING PROPELLANT TRANSFER

COMPARE STORAGE TANK/TANKER REQUIREMENTS TO OTV
DETANK REQUIREMENTS

CONTROL FLUID DYNAMICS ( SLOSH, SETTLING )

ABORT DUMP/TRANSFER
(OTV)

PROPELLANT RECOVERY AFTER MISSION ABORT
NEAR THE SPACE STATION

PROPELLANT DUMP

RETURN OF RESIDUAL PROPELIANT TO STORAGE
FACILITY
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QUICK CONNECT/DISCONNECT FLUID INTERFACES

®© 0 o

"ZERO LEAKAGE" CONNECTIONS

MINIMIZE ALIGNMENT REQUIREMENTS

PROVIDE SEAL VENTING FOR PRESSURIZED SYSTEMS

CONSIDER LEAK DETECTION, SEAL REPLACEMENT, INSPECTION, ETC

MINIMIZE PRESSURE DROP ACROSS INTERFACE

ZERO G MASS GAUGING

NO PROVEN METHOD FOR LARGE TANKS IN ZERO G
NEED METHOD PROVIDING 1% OR BETTER ACCURACY

ADDRESS SENSITIVITY TO PRESSURE OR TEMPERATURE

PROPELLANT MASS TRANSFERRED

MEASURE PROPELLANT TRANSFER RATE AND TOTAL TRANSFERRED
CORRECT FOR TEMPERATURE EFFECTS
DETERMINE AND CORRECT FOR PRESENCE OF BUBBLES IN FLUID

PROPELLANT UTILIZATION/MANAGEMENT IN MULTI-TANK OTV
CONFIGURATIONS
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PROPELLANT REMAINING DURING BURN

® MEASURE PROPELLANT DURING 0.01 TO 1.0 G ACCELERATION

Q@ PROVIDE RAPID MEASUREMENT UPDATE

INSULATION
® SPACE BASED OTV
THICK MLIWITH LONG LIFE IN VACUUM
INSULATE LH2 TANK FROM LOX TANK 1O
PROVIDE | DITER CAPABILITY AND TO
MINIMIZE IMPACT OF SLOW FILL/DRAIN
- MINIMIZE MICROMETEOROID/DEBRIS DAMAGE
@ GROUND BASED OTV
MLI ON LOX TANK

- MLI/FOAM/INERT GAS ON LH2 TANK TO
PREVENT CRYOPUMPING

INSULATE [ H2 TANK FROM LOX TANK TO
PROVIDE L OITER CAPABILITY

OTV SUPPORT TECHNOLOGY
(SPACE BASED)

LONG TERM CRYOGENIC STORAGE
VAPOR COOLED SHIELDS
PARA/ORTHO CONVERSION
REFRIGERATION

RELIQUEFACTION

o 6 ©¢ & o6 ©

PROPELLANT DELIVERY
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